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This paper considers the radiation of sound from compact 2D or 3D sources located in an 
otherwise rigid wall, bounding a region of fluid flowing parallel to the wall.  The sound 
radiation problem is modeled using a wavenumber decomposition. Numerical results show 
how the radiated power and directivity depend on the free-stream flow Mach number and 
the thickness of the boundary layer adjacent to the wall.  The numerical model is validated 
by comparing the sound power and directivity obtained in the limiting case of a thin 
boundary layer with that obtained from an alternative analytical model in which the flow is 
uniform and there is slip at the boundary.   
Nomenclature 
 
c0 = speed of sound  
D = operator ∇+
∂
∂
.U
t
which Fourier transforms to ( )xj k Uω −
kx , ky , kz = wavenumbers in the x and y directions and in the z direction in the region of uniform flow 
( , , , )p x y z t = acoustic pressure field 
( , , )x yp k k z% = acoustic pressure Fourier transformed to wavenumber domain in the x and y coordinates 
q = particle displacement 
M = Mach number 
U = mean velocity vector 
( )U z = velocity profile in the parallel mean flow 
0U = mean flow velocity in the region of uniform flow 
u = acoustic particle velocity vector 
(ux, uy, uz) = components of the acoustic particle velocity vector 
ρ0 = local fluid density   
χ = displacement impedance, /p q
I. Introduction 
 
Most attempts to model the sound field of sources radiating into a moving fluid have involved the assumption of 
uniform flow: this applies whether the sources are located in the body of a fluid1 or at a wall2,3,4,5. Real flows have a 
boundary layer next to bounding surfaces, and this sheared flow may be expected to modify the radiation 
characteristics of a source in the surface, especially when the boundary layer thickness can no longer be considered 
to be thin on a wavelength scale.  
 
The specific problem considered here is shown in Fig. 1.  A 2D or 3D source radiates into a parallel flow 
comprising a boundary layer and a semi-infinite region of uniformly flowing fluid.  The aim is to show how the 
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